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Abstract 
This paper focused on studying the interrelationships between household’s energy use and their lifestyle in electric-only multi 
dwellings of Higashida, Kitakyushu, Japan. Questionnaires survey concerning the house, family, and equipment characteristics of 
the residents were distributed in 2012. In the same period, the annual electricity use data base was collected from smartmeters. 
In this paper, the result can be described as follows: 1) People consumed the most electricity of a year in the winter season, 
almost two times larger than summer season. 2) Four groups of household were classified by hierarchical cluster analysis based 
on the family attributes and lifestyles pattern, then the comparison analysis on electricity use were compared and discussed. 3) 
Based on multi regression analysis results, we found that the ownership number of air conditioning, clothes dryer, refrigerator, IH, 
floor area, family size, and education background of the householder are related with annual electricity use.  
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Recently, the development of sustainable cities becomes urgent issue not only in developing countries but also in 
developed countries. For developing countries, population growth and environmental issues have made an urgent 
need of effective and reasonable social infrastructure development. On the other hand, more advanced countries like 
Japan have to make a proper land use planning, and create a new lifestyle to adapt it, because of the present 
deterioration of social infrastructure and low birthrate and aging population problems. To solve the issues that cities 
faced, a new concept of sustainable cities configuration called smart city or smart community has been proposed. In 
the year of 2010, the local government of Kitakyushu City, Japan, proposed the environmental friendly community 
based concept which then popular as Higashida Smart Community. 
The houses are electric-only house which only use the electricity for power supply (no gas used). In this paper, 
the authors focused on studying the lifestyle of the residents in multi-dwelling house in the smart community and its 
relationship with energy use. We also conducted the research on the influences factor of lifestyle aspects (such as 
family patterns, employment, gender, and age), and also the usage of all kinds of energy consuming equipment in the 
households. The whole research aims to investigate the interrelationships among household energy use, lifestyle 
aspects, and also the energy use patterns according to different seasons. 
There are numerous existing researches on household energy use and lifestyle. Fong et al. had concluded that 
indirect lifestyle (such as family patterns, employment, gender, and age) have big influence on household energy use 
in three different areas in Japan (Sapporo, Saitama, Kagoshima). Yoshino et al. carried on a questionnaire survey on 
residential indoor environment and energy use in Kunming, China, and compared the results of the investigation 
with the results of other nine cities, and concluded that building construction year, building orientation and water 
heater type are very important influence factors on energy use in winter, in Kunming, China. Novianto et al. 
analyzed the lifestyle and energy use of housing in Kitakyushu City based on questionnaire results from more than 
4000 families, and concluded that the increase in the use of electricity stems from the use of more electric appliances, 
related with indoor air conditioning method. 
2. Research Method 
In order to figure out the influences of lifestyle and household energy use of the Higashida Smart Community, the 
authors made the research flow as shown in the Figure.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Fig.1 Research flow 
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Table 1. Contents of Questionnaire Survey 
Questionnaire Categories Questionnaire Contents 
Housing Characteristic 
Room number 
Floor plan 
Floor area 
Room direction 
Family Characteristic 
Family size 
Gender of each family member 
Age of each family member 
Occupation of householder 
Education background of householder 
Annual income of householder 
Electricity Charges 
Price plan 
Power capacity 
Electrical Appliances 
Characteristic 
Electrical appliances ownership (include Air conditioning, TV, Washing machine, 
Dryer, IH, Dishwasher, Storage batteries, Refrigerator, Eco water heater, Electric 
water heater) 
Brand of each air conditioning, refrigerator, eco water heater 
Use years of each air conditioning, refrigerator, eco water heater 
Installation place of each air conditioning  
 
From the year of 2012 to 2014, a yearly survey about the family characteristic and lifestyle aspects of the 
residents live in the smart community was carried on, but in this paper the results on 2012 were discussed. Figure 2 
shows the location of the Higashida Smart Community in Japan. The number of total units was 70 houses, and the 
number of living households was 66 households and all of the households (100%) were participated on the survey. 
Table 1 shows the main contents of the questionnaire. And in this paper, we only discussed the results concerning to 
energy use and lifestyle aspects. With the cooperation of the local government and project holders, we collected the 
electricity use data from smart-meters and the outside temperatures. 
 
 
Fig.2 Location of surveyed area (Higashida, Kitakyushu, Japan) 
391 Yan Zheng et al. /  Procedia - Social and Behavioral Sciences  216 ( 2016 )  388 – 397 
Many difficulties during the data collection such as privacy of the personal information, especially in Japan, 
where people have a strong awareness of personal information protection. Therefore the data we used in the paper 
was very unique and very valuable since there is no such data base on this field of research. From this data base, in 
this paper we conducted various analyses of energy use pattern, lifestyle aspects, and household’s attributes. 
3. Results of the questionnaire 
3.1. Households basic information and attributes 
Figure 3 shows the questionnaire results related the basic information of households such as floor area, family 
size, annual income of the householder, occupation of the householder, and educational background of the 
householder.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the same building, there are five types of unit layout in different size of floor area. Most of households, total 
more than 75%, are living in more than 80m2 floor areas, and among them, floor area of 100m2 shows the highest 
 
 
 
 
Fig.3 Percentage of household across different family characteristics (a) Floor Area; (b) Family Size; (c) Educational Background;  
(d) Occupation; (e) Annual Income (total 66 households) 
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percentage among others, which is 32% of the entire units. In terms of the family size, three persons of family 
member dominated the percentage, there are 32% of total. Most of the surveyed households are nuclear family 
(parent and children). In case of annual income, it is shows that there are 65% of the householders have annual 
income of more than five million JPY (1 JPYҩ110 USD), which is higher than the Japanese average annual income 
4.08 million JPY (Data of 2012, Statistics Bureau of Japan). In terms of the occupation, most householders are 
employees, which occupied 65% of the entire group followed by manager and unemployed, which have the same 
percentages. The significant number of unemployed does not mean the householders receive no income. Further 
analysis shows that some of the householders has already retired and received pension. As the education 
background, Figure 2.c shows that that 47% of the householders are university graduates householders. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In order to understand the energy use pattern, the questionnaires also includes some information of electricity 
consumed appliances. Figure 4 shows the percentage of electrical home appliances in this multi-dwelling house. 
Most households are using the heat-pump for hot water supply (more popular with eco-water-heater in Japan) 
instead of the common electric or gas water heater. Few households have electricity storage batteries, dishwasher 
and clothes dryer. Most of the households have one IH (electric cooking stove), washing machine, and refrigerator. 
On the other hand, the ownership quantity of TV and electric air conditioning in some households is more than two 
units, and there is significant number of households owned three to four units of TV and four to five units of electric 
air conditioning. Some of households installed the electric air conditioning in all of the rooms while some only 
installed in the main bedroom or living room. 
3.2. Annual Electricity Use and Outdoor Temperature 
 Figure 5 shows the monthly average of electricity use and monthly average outside temperature during 2 years.  
April is the beginning of Japanese Fiscal year as it is also the beginning of the smart-meter data recording. This 
figure shows the data of two years in order to understand the differences patterns of monthly temperature each year. 
Kitakyushu City is belonging to warm/intermediate climate zone in Japan, sometimes the average the temperature 
was slightly different between two years. From this figure, people consumed the most electricity of a year in the 
winter season, the electricity use is almost two times larger than summer season. The electricity use of winter season 
is the highest in the year, reached 808 kWh/household in the January 2012, and 488 kWh/household in August 2012. 
The same pattern were showed in 2013, the electricity use amounted 768 kWh/household in the January and 540 
kWh/household in August. By comparing the 2012 with 2013 data, the winter peak electricity use in 2013 is lower 
than in 2012 as the temperature in winter 2013 is higher than in 2012. The same situation also can be seen in the 
summer peak. It is shows that the outdoor temperature has strong relationship with the household electric use. In 
 
Fig.4 The ownership quantity of electrical appliances 
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summer, the average outdoor temperature became higher, the household spent more electricity for space cooling. On 
the other hand, when the average outdoor temperature became lower, the household spent more electricity in winter 
for space heating and water heating. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Analysis and Discussion 
4.1. Classification of Family Group 
In this study, the hierarchical clustering analysis (HCA) was conducted to identify the pattern of lifestyle (include 
family characteristics, housing characteristics and electrical appliances characteristics) related with the variant of 
energy use. All of the factors were categorized into six grades, and each factor was converted into numerical values 
as Table 2 showed. The influence factors in Table 2 were defined as variables, the HCA conducted by using the 
Squared Euclidean Distance with Ward’s Method Clustering in SPSS ver.20. Based on the similarity and 
dissimilarity of variables attributes, the households were classified into four groups, labelled as A, B, C and D group 
respectively. Decreasing birthdate and aging of the population has become a severely social issue in Japan, it is 
become necessary to verify whether it had a relationship with the energy use or not. In the Table 2, “Elderly people 
included” means the family has family members over 60s, and “Child included” means the family has family 
members under 10s. Figure 6 shows the percentage composition of each pattern. Figure 7 shows the characteristic of 
each pattern in terms of households attribute and lifestyle aspects. And the annual average of electricity use of each 
group in 2012 and 2013 were presented in Figure 8. 
 
Table 2. Grade defined by different lifestyle aspects factor 
Factor Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6 
NO. 0 1 2 3 4 5 
Family size - 1 person 2 persons 3 persons 4 persons 5 persons 
Floor area - 60~70m2 70~80m2 80~90m2 90~100m2 > 100m2 
Annual income - < 3 million 3~5 million 5~7 million 7~10 million > 10 million 
Occupation Others Employee Manager Public official Unemployed - 
Educational background Others Middle school High school University Graduate school - 
Electrical appliances 0 1 2 3 4 5 
Elderly people  included no yes - - - - 
Child  included no yes - - - - 
 
Fig.5 Monthly average of electricity use and temperature during 2012 to 2013 
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Fig.6 Percentage of 4 lifestyle patterns (A.B.C.D) 
 
 
 
 
Fig.7 Characteristics of 4 lifestyle patterns (A.B.C.D) 
 
 
Fig.8 Year electricity use of 4 lifestyle patterns (A.B.C.D) in 2012 and 2013 
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From Figure 6 the lifestyle pattern A was the mostly pattern in this research. The next is lifestyle pattern of D 
group, lifestyle pattern of B group, and lifestyle pattern of C group. 
As for the characteristic of each pattern, Figure 7 shows that the family size of lifestyle pattern of A group is 
mostly 3 or 4 people, which is the most in the four patterns; there is almost no elderly people in pattern A, but most 
family has child; the floor area is larger than C and D, but a little smaller than B. The family size of lifestyle pattern 
B is mostly 2 or 3, and almost half of the family in pattern B has elderly people, but little family has child; although 
pattern B has less family members than pattern A, it has the largest floor Area in the four patterns, and the 
householder of pattern B has the highest Annual Income in the four patterns; pattern B also has more electrical 
appliances like air conditioning, refrigerator, TV, and clothes dryer than the other patterns. The family size of 
lifestyle pattern C is lowest among the four patterns, most of the family has two family members; just the opposite 
to pattern A, there is almost no child in pattern C, but most family has elderly people; the householder of pattern C 
has the lowest annual income in the four patterns. The family size of lifestyle pattern D is the same as pattern B, but 
there are little elderly people or child in pattern D; the householder of pattern D is almost same as A, but the floor 
area is smallest in the four patterns. 
From Figure 8 shows that in the four different lifestyle patterns, pattern A and pattern B consumed more energy 
than the average of whole multiple dwelling units both in the year of 2012 and 2013. We defined these two patterns 
as “W” (non-energy-saving lifestyle pattern). On the other hand, pattern C and pattern D consume less energy than 
the average of whole multiple dwelling units. We defined these two patterns as “S” (energy-saving lifestyle pattern). 
Comparing the characteristic of W with S, we speculated that larger floor area, bigger family size, higher annual 
income, more electrical appliances, and the existence of children of lifestyle would lead more housing energy use. 
On the other hand, smaller family size, lower annual income, less electrical appliances, and the existence of elderly 
people of lifestyle would lead less housing energy use. 
4.2. Influential Factors on Energy Use 
Multiple Regression Analysis (MRA) with Quantification Theory 1 was used to weigh the contribution of 
independent variables (lifestyle types) to the dependent variable (total energy use per households). In the context of 
sensitivity analysis, MRA involves fitting a linear regression to the model response and using standardized 
regression coefficients as direct measures of sensitivity. In this method, the qualitative and quantitative variables of 
yearly energy use can be introduced into models and be analysed together. 
Firstly, the correlation analyses conducted to all potential variables and only the factors that have positive 
correlation were taken for the next stage of analyses. The data filtering was conducted once again on 66 households. 
Only data with 100% validity was selected. In the end, there were a total of 62 households comprising the collective 
sample in the model. The other factors were not presented because the Significant Probability scores were higher 
than 0.05. According to the assumption that significance probability was smaller than 0.05 (or in other words has 
correlation score bigger than 95%), the factor had a big influence on energy use. The result of the multiple 
regression analysis was shown in equation 1 below. 
 
 
 
 
From the regression equation, it is found that there are total seven factors related with annual electricity use. In 
the year 2013, there are seven factors, which are the ownership of air-condition, clothes dryer, refrigerator, IH, floor 
area, family size, and education background of the householder. Air conditioning was proved as an important 
element on annual electricity use here, and explained why when the outdoor temperature became lower in winter or 
higher in summer, people cost more electricity.  
Figure 9 shows the correlation between annual electricity use (actual value) and total factors (predicted value). 
From the figure we can also see that both of the model fitness (R²) is quite high (0.658), which is indicating that the 
factors listed in the empirical equation 1 have a strong relationship with the annual electricity use. From this figure 
also shows that C pattern is grouped in the lower value of electricity use, while B pattern is grouped in upper value. 
In the other hand, A and D pattern are scattered in the middle value. 
        
(eq 1) 
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5. Conclusions and Future Research 
In this paper, conclusions can be described as follows: 
1. In the winter season, people consumed the most electric energy in one year. And when the outdoor temperature 
became lower in winter or higher in summer, people cost more electricity. The usage of air conditioning was 
considered relating to this phenomenon. So find some method to adjust the indoor temperature can have a direct 
impact on electricity use in all-electric multi dwelling.  
2. For the households of the Kitakyushu Smart Community, four different lifestyle patterns were established by 
cluster analysis. Comparing the year energy use of each pattern with the average year energy use of the whole 
multiple dwelling units, “W” (non-energy-saving lifestyle pattern) and “S” (energy-saving lifestyle pattern) were 
defined to find some characteristics that influence the housing energy use. And we speculated that larger floor area, 
bigger family size, higher annual income, more electrical appliances, and the existence of children of lifestyle would 
lead more housing energy use. On the other hand, smaller family size, lower annual income, less electrical 
appliances, and the existence of elderly people of lifestyle would lead less housing energy use. 
3. For the households in Kitakyushu Smart Community, some lifestyle aspects have big influence on household 
energy use, which are the ownership of air conditioning, clothes dryer, refrigerator, IH, floor area, family size, and 
education background of the householder. 
For future research, we are conducting the interview to the households in order to understand more some reasons 
affecting each lifestyle patterns, and select some typical family pattern to conduct measurement on the energy use of 
main electrical appliances to find which has big influence with the energy use, and then propose some strategies on 
lowering energy use.  
 
Fig.9 The relationship between actual values and predicted values (kWh/ (year*household) 
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The results of this research will give a proposal to the planner, designer, and policy maker, and also the local 
initiatives to develop the sustainable urban planning and community. 
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